Abstract The purpose of this study was to analyze complication and recurrence rates after deep endometriotic nodule surgery. A total of 3,298 cases of deep endometriotic nodules were analyzed. The shaving technique was used, avoiding bowel resection. Laparoscopic nodule resection was performed successfully in all cases. Major complications included: (1) rectal perforation in 42 cases (1.3 %), (2) ureteral retention (<5 days) in 21 cases (0.64 %), (3) ureteral injury in 10 cases (0.3 %), and (4) fecal peritonitis in 1 case (0.04 %). This complication rate is much lower than that observed after bowel resection. In the same period, bowel resection was only required in 1.1 % (n 037) of cases. Histology revealed circumscribed nodular aggregates of smooth muscle, endometrial glands, and scanty endometrial stroma. Lesions were found to be invaded by nerve fibers. Endometriosis is not cancer and does not require the same treatment approach. In young women, conservative surgery using the shaving technique means preservation of organs, nerves, and the vascular blood supply. The shaving technique yields low complication and recurrence rates and should be considered the first line in surgical approach in the case of deep endometriotic lesions.
Introduction
In 1996, we were the first to publish the concept of three different forms of endometriosis: (1) peritoneal endometriosis, (2) ovarian endometriosis, and (3) deep rectovaginal endometriosis [1, 2] . The third form of the disease has been defined as deep endometriosis, rectovaginal endometriosis, or adenomyosis of the rectovaginal septum. In the literature, it is also called deep-infiltrating endometriosis or posterior deep-infiltrating endometriosis.
Many different surgical approaches have been proposed. The first study reporting the shaving technique and data from a series of 231 cases of laparoscopic management of deep endometriosis was published in Human Reproduction in 1995 [3] , followed by a second study (n0 500 patients) published in BJOG in 1997 [4] and a third one (n01,942 patients) published in 2004 [5] . But surprisingly, the number of manuscripts advocating bowel resection has dramatically increased over recent years [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Koninckx et al. (see [16] ) and Donnez et al. [17] , firm advocates of the shaving technique, are increasingly confounded by this rapidly growing prevalence of bowel resection in the case of deep endometriosis with rectal muscularis involvement. During meetings on this topic, there is often heated debate between advocates of the two respective techniques.
The goals of this manuscript are to present data from a consecutive series of 3,298 cases and discuss perioperative complications and recurrence rates by analyzing the existing literature and our own data.
Patients and methods
Three thousand, two hundred and ninety-eight patients operated on for deep endometriotic nodules were included in this study.
Symptoms and diagnosis
In this series of 3,298 patients, the main symptoms were pelvic pain and/or dysmenorrhea in 95 % of cases, deep dyspareunia in 87 % of cases, and rectal dyschezia in 44 % of cases. About 45 % of patients were suffering from pelvic pain associated with infertility. In all cases of infertility, evaluation of ovulation, cervical mucus-sperm interaction (postcoital test), and male factor (defined as <15 million sperm/ml using a Makler counting chamber) were undertaken.
Careful clinical examination [18] , transrectal ultrasonography (TRUS) [19] , rectal endoscopic sonography [20] , transvaginal sonography, barium enema, and magnetic resonance imaging (MRI) [21] have all been recommended to identify deep rectovaginal endometriotic lesions [22] . In our series, examination with a speculum revealed either a normal vaginal mucosa or a protruded bluish nodule in the posterior fornix. By palpation, the diameter of the lesion could be evaluated. Palpation is very often painful, and the presence of a nodule accounts for symptoms like deep dyspareunia and dysmenorrhea.
Preoperative radiography of the colon (barium enema) was systematically carried out in order to assess the involvement of the rectal surface. Profile radiography allows the best evaluation of infiltration of the anterior rectal wall. In our series, MRI and TRUS have also been systematically performed preoperatively since 1997, and Squifflet et al. [21] distinguished three types of deep lesions by analyzing their location, as precisely defined by the above procedures.
Surgery: the shaving technique
The shaving technique was already reported in a recent publication [17] . The principal steps involve (1) separation of the anterior rectum from the posterior vagina, (2) excision or ablation of deep endometriosis after complete dissection of the nodule from the posterior part of the cervix, and (3) resection of the posterior vaginal fornix and vaginal closure (Fig. 1) .
Care must always be taken to preserve the pelvic autonomic nerves, as they are the pathway for the neurogenic control of rectal, bladder, and sexual arousal function [23] [24] [25] [26] [27] . The shaving technique allows preservation of the nerves by avoiding deep lateral rectal dissection (necessary for rectosigmoid resection). Indeed, lateral dissection is mandatory only in the case of lateral extension of the disease with ureteral involvement [17, 28] and, even in this case, rarely involves dissection of the posterolateral compartment of the rectum.
Histology
All biopsies were dissected by an expert gynecologist, fixed in 4 % formaldehyde, embedded in paraffin, and serially sectioned (5 μm) for histological confirmation of endometriosis (presence of glands and stroma).
More recently, immunohistochemistry (IHC) was also performed using a standard immunoperoxidase method [29] to evaluate the expression of PGP9.5 (nerve marker). Briefly, endogenous peroxidase activity quenching, heat epitope retrieval, and blocking of nonspecific staining were carried out. The specimens were then incubated for 1 h at room temperature with rabbit polyclonal antihuman PGP9.5 (1/1,000, Dako, CA, USA), followed by incubation with secondary antibody conjugated to peroxidase (EnVision +™, Dako). The presence of peroxidase was revealed using 3,3′-diaminobenzidine (Dako), and specimens were counterstained with Mayer's hemalum solution (Merck, Darmstadt, Germany).
Human intestinal tissue was used as a positive control for PGP9.5 expression. Negative controls were processed using nonspecific IgG or omitting the specific primary antibodies.
Every fifth slide of each lesion was stained with hematoxylin-eosin to identify the section with the largest surface area of endometriotic glands and stroma, and the following serial section was immunostained with PGP9.5. Stromal surface area was delimited and measured using the MIRAX Viewer (MIRAX Viewer 1.12.22.0, Carl Zeiss MicroImaging GmbH, Germany). Nerve fiber density was then determined in this stromal area, as well as in the area neighboring the lesion (up to 1.5 mm away).
Results
There is a big difference in symptoms and evolution between sigmoid and deep rectovaginal lesions. Symptoms of sigmoid endometriosis are mainly related to bowel stenosis and include cramps, constipation, and abdominal distension, while symptoms of deep rectovaginal lesions are dysmenorrhea, deep dyspareunia, and dyschezia.
Their pathogenesis is also different. Sigmoid lesions may be due to lymphatic or nervous system dissemination, while rectovaginal lesions are due either to metaplasia of Mülleri-an rests or to retrocervical extension of metaplastic nodules originating from either the cervix or the attachment area between the cervix and posterior vaginal fornix. Our manuscript focuses only on deep rectovaginal endometriosis and not sigmoid lesions.
Our series of 3,298 cases of deep rectovaginal endometriotic nodules treated by laparoscopy is presented in Table 1 . All patients were operated on between 1989 and 2010. Operating time ranged from 31 to 238 min (median, 78 min), and median lesion size was 2.8 cm (range, 1-6 cm). In the same period, 37 patients (1.1 %, not included in the series of 3,298) underwent rectosigmoid bowel resection by laparotomy or laparoscopy-mini laparotomy, because of bowel lumen stenosis of more than 80 % with circular stenosis (not only anterior involvement), as well as mucosal involvement visible on colonoscopy and confirmed by biopsy and histological evaluation. These three criteria (stenosis of the lumen >80 %, circular stenosis, and mucosal involvement) are, in our view, indications for bowel resection, but they are infrequently encountered. Indeed, in our series, bowel resection was only required in 1.1 % of cases.
In this series of 3,298 patients, laparoscopic dissection was performed successfully in all cases, even when radiography of the colon showed anterior bowel involvement of up to 5 cm or more.
Lesion types according to MRI
According to MRI, there are three types of lesions. These three types are: (a) type I, rectovaginal septum lesions; (b) type II, posterior vaginal fornix lesions; and (c) type III, hourglass-shaped lesions. Their prevalence is, respectively, 10, 58, and 32 % of all deep nodular lesions [21] .
The source of debate is the type III nodule. Indeed, these nodules occur when posterior fornix lesions extend cranially to the anterior rectal wall. As stated above, their prevalence is 32 %. Clinical evaluation usually reveals a larger lesion (more than 3 cm) (mean, 4.2 cm; range, 3-6 cm), and barium enema always shows infiltration and retraction of the rectal muscularis, known as perivisceritis. This continuum between the rectal muscularis and the cervix is found to obliterate the rectovaginal septum cranially. A clearly defined continuum exists between these two parts of the lesion. This is why we termed these lesions diabolo-like or hourglass-shaped (Fig. 2) .
These lesions always occur under the peritoneal fold of the recto-uterine pouch of Douglas. Infiltration of the rectal muscularis is systematically observed in this subtype, as demonstrated by barium enema (profile image) and TRUS, but infiltration is generally limited to the muscularis without mucosal involvement (Fig. 3) . They may also extend laterally and involve the ureter [17, 28, 30, 31] .
It is essentially the treatment of these type III nodules that causes such contention and debate among surgeons. 2. Peri-and postoperative complications (Table 1) In our series of 3,298 cases, laparoscopic rectal perforation occurred in 42 cases (1.3 %). All perforations were diagnosed at the time of laparoscopy. In the first three cases (in the early 1990s), the rectum was repaired by laparotomy and, in all others, by laparoscopy. Laparoscopic suture was carried out through a full-thickness layer using Vicryl 2.0 (Ethicon, Johnson and Johnson, USA) with separate stitches. The area was finally covered with fibrin glue (Tissucol, Johnson and Johnson, In 37 cases, bowel resection was carried out by laparotomy because of bowel stenosis with mucosal involvement (not included in the series of 3,298 patients). In this series of 37 cases, 27 were for recurrence of severe pain after shaving USA). Among the 42 cases, neither fistula nor any other complications were observed. Rectal muscle defects frequently arise during the shaving procedure and are repaired by suturing. If the rectal lumen is not entered, it is not considered a complication, just part of the procedure. It should be noted, however, that in the early years of shaving practice, rectal muscularis defects were not closed, and that two cases (0.06 %) of rectovaginal fistula occurred 6 to 8 days after surgery. Both cases were treated conservatively by antibiotics and diet for 10 days.
One case of fecal peritonitis occurred 7 days after surgery. During surgery, bleeding at the site of lateral dissection of the rectum required extensive bipolar coagulation. At the end of surgery, bowel integrity was checked by CO 2 intrarectal insufflation and the blue test. No rectal defect was diagnosed. Seven days later, a hole of 2.5 cm in size was detected. Extensive coagulation probably provoked thermal rectal injury, with subsequent necrosis and a fistula. A colostomy was therefore carried out. Three months later, the colostomy was closed.
Ten cases (0.3 %) of ureteral injury were noted in our patients. Four cases (0.1 %) of ureteral transection were diagnosed on the first postoperative day by the presence of abundant fluid in the peritoneal cavity. High levels of urea and creatinine in the "peritoneal" fluid and intravenous pyelography (IVP) confirmed the diagnosis. Nephrostomy was carried out. One case resolved spontaneously with complete healing of the ureter 2 months later. The other three cases required vesico-ureteral reimplantation.
The remaining six cases (0.2 %) of ureteral injury were due to thermal damage (bipolar coagulation) and were treated by insertion of a JJ stent, which was removed 3 months later. Among these six patients, four recovered completely. Two women needed vesicoureteral reimplantation for hydronephrosis due to stenosis of the lower ureteral segment (fibrosis). In these cases, hydronephrosis was detected approximately 1 month after removal of the JJ stent. This is why, in the case of large nodules with possible ureteral involvement (suspected by MRI or IVP), a JJ stent is inserted before starting the laparoscopic procedure, and ureterolysis is then performed [17, 28] . The usefulness of JJ stents in preventing subsequent complications was recently confirmed by Weingertner et al. [32] . The group of Koninckx also published a large series of ureteral injuries [16] . They demonstrated that ureteral repair was often possible by laparoscopy with excellent outcomes.
Urinary retention occurred in 21 cases (0.64 %). All were patients with large nodules (>4 cm) and bilateral extension, requiring extensive lateral dissection. A Foley catheter was inserted for 2 days, and all but two cases resolved spontaneously. These last two cases required bladder catheterization for 5 days, then resolved. 3. Recurrence and pregnancy rates Recurrence and pregnancy rates could only be analyzed in a prospective study. This was done in a prospective series of 500 patients operated on by the shaving technique for deep rectovaginal endometriotic nodules (types II and III). This series was recently published [17] .
In case of type I nodules, recurrence was shown to be well under 5 % [5] . In types II and III, recurrence of severe pelvic pain was 7 % (36 of 500) [17] and was found to be significantly lower (p<0.05) in women who became pregnant after surgery (3.6 %) than those who did not (14 %).
Histology
Deep endometriosis associated or not with pelvic endometriosis can take the form of nodular masses involving the posterior vaginal fornix. They have been called "adenomyotic nodules of the rectovaginal septum" [5] . An adenomyoma is a circumscribed nodular aggregate of smooth muscle, endometrial glands and, usually, endometrial stroma (Fig. 4) . This type of lesion is a specific form called adenomyosis, characterized by the presence of abundant muscular tissue invaded by glandular epithelium, covered with scanty stroma [4] . Nodular lesions exhibit a varied functional response to ovarian hormones. They may not respond to physiologic levels of progesterone, and secretory changes are frequently absent or incomplete during the second half of the cycle [1, 2] . In our study, endometriotic glands and stroma were often found by serial section up to the vaginal mucosa (Fig. 4) , which was sometimes replaced by endometrial epithelium, confirming the need to remove the posterior vaginal fornix, as already suggested in our first series of publications.
In a preliminary study, mentioned in the methods, we were able to demonstrate the presence of nerve fibers (PGP9.5-positive) in deep endometriotic lesions. All deep-infiltrating endometriosis (affecting the rectovaginal septum or rectal muscularis) was found to be invaded by nerve fibers, especially around intestinal tissue. The closer the lesion was to the digestive tract, the higher the nerve fiber density (data not shown) (Fig. 5) .
Discussion
The first two large series including 231 and 500 women undergoing surgery for deep rectovaginal endometriosis were published in 1995 and 1997, respectively [3, 4] . The conclusion, already back in 1997, was that it is prudent to curtail rather than encourage the widespread use of an aggressive and potentially morbid procedure. Nevertheless, increasingly aggressive surgery, including bowel resection, is still systematically proposed in the case of deep endometriosis with muscularis involvement, even in the absence of mucosal involvement [6-11, 14, 15, 20, 33, 34] .
The debate is not new. In a paper by Hudelist et al. [35] , different past series and theories on the etiology of adenomyosis and endometriosis are described, and we are shown a specimen of deep endometriosis involving the rectum (a typical hourglass-shaped nodule). Back in 1903, Füth reported a case of rectal shaving for a hard mass between the uterus and the rectum [36] (Fig. 6a) . In 1912, Renish performed resection of the anterior rectal wall (the first "disk resection") ( Fig. 6b ) together with hysterectomy [37] , while Lockyer performed hysterectomy and bowel resection over a length of 20 cm for the same type of lesion (drawing by Lockyer from 1918) [38] .
Almost 100 years later, the debate still rages on, not only rearing its head during the World Congress on Endometriosis in Melbourne [39] , but also in the literature, with two [40] and: "Yes, patients with deep-infiltrating endometriosis should be operated! Prefer optimistic will to pessimistic intelligence!" by Canis et al. [41] .
Complications
We conducted a review of complication rates encountered after bowel resection for deep nodular endometriosis [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 42] (Table 2. ). Unfortunately, much of the recent literature appears to encourage very invasive techniques, including bowel resection in case of rectal muscularis involvement. Our review of recent publications reporting the results and complications of laparoscopy-assisted bowel resection for deep endometriotic nodules reveals a relatively high complication rate compared to the shaving technique ([17 and present data). Indeed, rates of urinary retention (3-10 %), ureteral lesions (2-4 %), fecal peritonitis (3-5 %), severe anastomotic stenosis (3 %), rectovaginal fistulas (6-9 %), and pelvic abscesses (2-4 %) were found to be significantly higher than with the shaving technique. A possible bias could have been the relatively small number of patients involved in some series, but it should be pointed out that, even in very experienced hands [12, 42] , the rate of severe complications (rectovaginal fistulas, abscesses, stenosis, fecal peritonitis) can be more than 10 %.
In 2009, Meuleman et al. reported an 11 % rate of severe complications, some of which were due to the duration of surgery (mean over 7 h) [14] . Indeed, lower leg compartment syndrome was observed in three cases (3 of 56), Fig. 6 a First case of rectal shaving published by Füth, who performed total hysterectomy revealing a hard thick mass fixed to the rectum, which was removed "to a major extent leaving the rectum behind". b First case of disk resection by Renish [37] , showing deep endometriotic nodule (hourglass-shaped) with rectal mucosal involvement requiring a fasciotomy. It is important to note that there was no mucosal infiltration of the rectum in this series. This relatively high rate of severe complications was encountered despite a multidisciplinary approach including a urologist and digestive surgeon. In this series, the median operating time was 7 h and 56 min (range, 180-780 min). The duration is also related to costs for the hospital (operating room, nurses, anesthesist…). In our series, the median operating time (including laparoscopy) was just 78 min (range, 31-248 min). Surgery only exceeds 3 h when nodules are removed from the bladder, ureter, and bowel, sometimes including laparoscopic nephrectomy during the same procedure, as described by Jadoul et al. [30] .
It should also be pointed out that colorectal segmental resection is a complex procedure, sometimes resulting in pelvic nerve damage and unpleasant urinary and digestive symptoms [26, 27, [43] [44] [45] [46] . Indeed, urinary retention is quite frequent (3-10 %) after bowel resection, as often this type of surgery cannot preserve the pelvic autonomic nerves, which are the pathway for the neurogenic control of bladder function. Interestingly, the shaving technique provokes a very low rate of urinary retention because the dissection usually respects, at least on one side, the sympathetic nerves passing laterally to the rectum, which are frequently cut during extensive rectal or rectosigmoidal resection.
In our view, removing part of the rectum is simply not justified, since we know that this technique increases the risk of complications. Furthermore, no randomized studies performed to date have been able to prove that it is any more effective than the shaving technique. The recent review by Meuleman et al. [15] fails to give arguments in favor of bowel resection because of the absence of any real classification of the lesions (e.g., level of lesion, type of infiltration…) or surgery (e.g., rectal, sigmoid, rectosigmoid resection, length…). Landi et al. [25] reported that fullthickness disk excision using a circular stapler could prevent potential morbidity associated with low anastomosis. As only a few months earlier the same group [13] reported a major complication rate that required repeat operations in 20 out of 192 cases (10.4 %), they are now probably evaluating a less aggressive surgical technique than bowel resection [25] . The same trend away from bowel resection toward a less aggressive approach has recently been described by Slack et al. and Roman et al. [43, 47] .
The shaving approach is often more than adequate. For type I and II lesions, there is a general consensus that in the absence (or virtual absence) of muscularis infiltration, there is no need for bowel resection. But the controversy arises when muscularis infiltration is present. This infiltration, observed in all cases of type III lesions, may usually be left in place, at least partially, since the shaving technique already removes what is necessary. Residual lesions in the muscularis of the rectum do not evolve and remain constant for a long time [5] . The argument used by some gynecologists and surgeons to defend bowel resection is that this procedure is more "radical." This is simply not true. Indeed, even with bowel resection, the margins are not free of disease in more than 10 % of cases [47, 48] , so their argument is not borne out. Moreover, we should bear in mind that radical bowel surgery is associated with long-term morbidity, and as previously reported in a Cochrane Review [49] , quality of life is significantly impaired following anterior resection.
Recurrence
The recurrence rate of symptoms (severe dysmenorrhea, severe dyspareunia, and severe pelvic pain) evaluated prospectively was 7 % after shaving surgery in a recent study of 500 cases of type II and III nodules [17] . The rate of recurrent pain observed in this large series was therefore no higher than that encountered after more aggressive surgery, including bowel resection. In the majority of series reporting data on bowel resection, the recurrence rate of severe pelvic pain is evaluated to be 6-20 % [6] [7] [8] [9] [10] [11] [12] [13] [14] 42] . However, in these studies, it is difficult to gauge the proportion of women suffering from pelvic pain due to a genuine recurrence of endometriosis and those with postoperative adhesions related to severe complications, such as pelvic abscesses or peritonitis.
The favorable results observed in our study [17] in terms of pelvic pain recurrence may be explained by the almost complete resection of deep nodular endometriosis, which is innervated abundantly by sensory C chlorogenic and adrenergic nerve fibers, as recently demonstrated by Wang [50] .
Nerve fibers were identified not only in the eutopic endometrium of endometriosis patients [51, 52] , but also in endometriotic lesions themselves. This was especially true of deep-infiltrating endometriosis [50, 53] and, to a lesser extent, peritoneal lesions [54] , while it was more controversial in the case of ovarian endometriomas [53] [54] [55] [56] .
Our preliminary investigations confirm high nerve fiber density in deep-infiltrating lesions. Moreover, it was shown that this high density was mainly observed in deep lesions located near the intestinal lining. Some studies have suggested a correlation between nerve fiber density and pain in endometriosis patients [53, 54] . However, since pain is a suggestive feeling, larger patient populations suffering from different forms of endometriosis should be examined and compared with a disease-free population to conclusively establish a correlation between nerve fiber presence and pain felt by patients. Nevertheless, the present results, associated with previous findings, could explain the painful symptoms encountered by patients suffering from deepinfiltrating endometriosis and the good results in terms of improvement in symptoms after almost complete resection of deep nodules by the shaving technique.
On the other hand, as previously stated, even when bowel resection is carried out, the margins are not free of disease in around 10 % of cases [48, 57] . During the study period, 37 patients underwent bowel resection because of bowel stenosis (>80 %) with mucosal involvement. Among these 37 women, 27 were operated on for recurrence of severe pain with bowel stenosis after shaving (among the 3,298 cases). The fact that only 27 women underwent surgery (bowel resection) for recurrence is an important argument to consider, indicating that bowel resection should not be undertaken as first-line therapy but as a second-line approach in the case of recurrence with stenosis >80 %.
As we have stressed since 1997 and as vigorously discussed at the WES Congress in Melbourne [39] , it is time to discourage very aggressive surgery under the false pretenses that a more radical approach is more effective. It is certainly not true of endometriosis, which is a benign disease. Women want to be free of symptoms, have normal bladder and digestive function, and enjoy a normal sex life. They do not necessarily want to be completely free of endometriosis. Indeed, as stated by Vercellini et al. [58, 59] , the overall extent of disease correlates neither with the frequency or severity of symptoms, nor with the long-term prognosis in terms of conception or pain recurrence. The question raised by Koninckx and Ussia [60] "Do we need centers of excellence in endometriosis surgery or centers of excellence in endometriosis?" is still pertinent.
Conclusion
Endometriosis is not cancer and does not require the same treatment approach. Conservative surgery for deep endometriosis in young women means preservation of organs, nerves, and the vascular blood supply. There is therefore a need for further strong and energetic debate to weigh up the benefits of shaving (debulking surgery) versus rectal resection (radical surgery). Feasibility is not always synonymous with efficacy. As already pointed out, in the early twentieth century, Füth [36] carried out the first rectal shaving procedure and Renish [37] the first disk resection, while Lockyer [38] performed bowel resection for deep endometriosis involving the anterior rectal wall. One century later, the debate still rages on….
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